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O ABSTRACT O

According to use of nano (10°) dimensions in modern experimental techniques,
thermal transition investigations carried out on AuFe spin glass alloys, with concentration
range (0.1% - 15% per magnetic impurity), and thermal spectrum (0.01- 300 K). Because
there is no one source that can give all exact experimental information, we got data from
many resources (resistivity, specific heat, susceptibility, Mossbauer effect, neutron
scattering, magnetization and hysteresis cycles, NMR, SR ),and obtain a new experimental
thermal magnetic phase diagram . A conflict with theoretical studies has been found,
because spin glass theory is a new theory and has not yet complete.

The aim of this search is to compare between tow era, modern nano era, and old
micro era technology, in no doubt, nano technology will give fine data, and hyperfine
information.

Key Words: Spin glass, Thermal, Magnetic, Phase Diagram

PACS: 75:10, 75:30, 75:40, 75:50.

*Physics department, faculty of science, Taif University, Kingdom of Saudi Arabia.
E-mail:aljalali7@hotmail.

227




2009 (3) ) (31) Aaall dpled) aglal) Alds — Ayalal) ciludally Gagandl ¢yt daaly Alna

Tishreen University Journal for Research and Scientific Studies - Basic Sciences Series Vol. (31) No. (3) 2009

gLl bidA (a8 dpuphliall kY] cp (udlidlly 400 JEY)
(s — quad ) 4l )

" Mall daal daaa ) gisal)
(2009/9 /7 b Lot 3& 2009/3 /3 gl )

O ueidldigd

Jsaill eyl Ciya (107°) 53 Ao o colisal slagf A pe Dl Zygyatl) ol Jsia ) b
Jlaalls el ualalizal 45130 (%15 — 0.1%) =S5l Jlaall 8¢ apa—caad Dl e g)lyall
Bac (3dgy caaly et Hlias e Glagledl) DS o Jpaall Allain Blaige (041300 — 0.01) bl
Ol U ¢ slse A cdphlinal(Eabuall)ise okl dphall cilaadliile) dasliall Jam s Jal
shall ey bt o hyall aslalinall sl Jalaie ausys duh ad o[ casbaliaall ¢ Uadl 5505 Jaiall
I Aplaill byl e GBI Y cN¥paill laa |yshaie Al culaef (iladal) 8 dudalinal 45050 5S35,
cary QS Al gl Aaad) el g lagl) Ak o Gany @i ¢ 3

A8 A8 Claglae tae Ayl oda o Cum Aipal) Gla) 8l AgE s leda) ) el Gangy
(1070 Sl ) Al ) e A5l Lashay ST il

sl lalie = laline —(5ha — il 2Ll :dalibal) il
PACS: 75:10, 75:30, 75:40, 75:50.

- Agagead) Ayl ASleal) —Ciildal) dnaly — aglall A8 —p ly3udl) andd |

228




Tishreen University Journal. Bas. Sciences Series 2009 (3) sl (31) alaall pulul) aslall @ (385 dnals Aae

Introduction:

Spin glass is (a new magnetic) system discovered in 1972 [1]. That is from a sharp
cusp in magnetic susceptibility which showed at characteristic temperature called spin
freezing temperature. This system consist of local 3d or 4f magnetic impurities in non-
magnetic matrix, impurities are distributed randomly where sites and bonds randomness,
and interactions between the two ferromagnetic and antiferromagnetic regimes are
competitive, which leads to an inability to make a spin arrangement achieves a minimum
energy to bond energy. This leads to the frustrations in the interactions that is the most
important feature that distinguishes this regime.

The Ruderman — Kittel — Kasuya - Yosida (RKKY) interactions, being an indirect
exchange interactions of localized spins via conduction electrons, is one of the important
mechanisms explaining the origin of magnetism in some solids and distinguish between
spin glasses and another magnetic systems . So far, it has been considered in the bulk (3D)
and planar (2D) structures [1,2], in the theoretical systems with arbitrary dimensionality
[3,4] and in multilayer materials[5,6,7]. Spin glass theory evolved dramatically and
extended to study the mechanism of action of the biological system (neural networks,
development, brain work, and proteins), and industrial system and computer sciences
(artificial brain and all modes of records and storage of relevant information with very high
capacity). In physics, this system has a modern scientific challenge to all the specialists in
physicists and mathematicians either at the theoretical level or at the experimental one.

Methodology And Material
we can divide this part to tow points:
a. _Theoretical Background

The model of (Edwards-Anderson) EA [3] was the first theoretical one describing the
state of spin glass according to the following Hamiltonian:

H:Z)Jijsi.sj (1)
i

Where S; is the spin in position i, S;jis the spin in position j and J;; is exchange
constant and related to the energy of RKKY interaction:

97rn? 32 X COS X —Sin X
sd

J(R.) =
(Ry;) £ v @)

Where(x = 2k.R;), {J; = J(RR;)=J(R;}, EA has described the system
through an order parameter carries qualities of remembrance (memory) at its freezing

temperature as follows :
qEA(t) = <Si (t).Si (O)>
when T<T,=0Qg, #0

andwhen T2>T, =0, =0 ®)

According to this analysis, we can distinguish three models through magnetization
where (M = <S;>)) and parameter order (), these models are namely:
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1. Model of paramagnetic, where (M=0 and q=0).

2.Model of spin glass, where (M=0 and q # 0).

3.Model of ferromagnetic where (M # 0 and q # 0).

According to this theoretical model, the magnetic susceptibility and specific heat
capacity show phase shift at the spin freezing temperature, EA type followed by the model
of SK(Sherrington & Kirkpatrick)[4], which depends at mean magnetic field theory and
the replica symmetric method, the model of SK predicted that phase transition has a sharp
maximum of each of magnetic susceptibility and specific heat capacity at the freezing
temperature, and arrived at a negative value of entropy at low temperatures. This model
could not give a good interpretation to this anomalies phenomena. Figure (1) shows the
outline theoretical magnetic phase diagram, according to SK theory. Subsequent models
meet multiple times and at other times conflicted with the model SK [5], and in parallel
with the above model, phenomenological model appears [6], which examines the
phenomenon through spin relaxation times and their relationship with the temperature
according to the following two relationships of Arrhenius and VVogel-Fulcher:

Ea
T=7o€Xp| L
B f

Ea
T=7,EXp (m] (4)

Where, 1,=10"" sec, Ty is the temperature at which RKKY interactions are almost
complete and E, is activation energy, and this model has given results exceeded the
theoretical description [7], and proved that the spin glass system does not pass through
phase transformation but is in the similar situation of viscosity in ordinary glass.

T
paramagneatic
phase
1 ferromagnetic
spinglass phase
phase
1 o fF

Fig (1):Theoretical magnetic phase diagram of spin glass regime

{ Chin Fan Lee and Neil F. Johnson | ar Xiv-quant-ph/0412069 v1 8 Dec 2004 )

b. Empirical Facts

Experimental results show that spin glass alloys pass through very complex stages
during exposure to gradually thermal changes, it does not reach to the phase of being stable
like other magnetic systems, These are characterized by entering into a new independent
system that preceded or followed at a specific temperature such as Curie temperature in
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ferromagnetic or Neel temperature for antiferromagnetic for example. Even how to access
the temperature of spin freezing not agree with different experimental tracks. The
following summary shows some of the results reached by the experiments about the deal in
the process of entering the alloy in spin glass phase and different interpretations around it :

a. The path of the electrical resistivity and the specific heat capacity appears as a
broad  maximum does not give any indications to a phase shift in with reducing in
temperature [8].

b. The magnetic susceptibility path which appears sharp cusp maximum at a
transition temperature named spin freezing temperature; we think that it is a threshold
turning a new unstable phase transition called a spin glass system [9].

c. The dynamic tracks dominated by thermal transformations through super precision
studies, showed that there was no phase transition in the spin glass system. Figures (2) and
table (1) show some of those tracks, and relaxation times approval to spin freezing
temperatures [10].

d. The track of the magnetic field effects that is concerned with thermal
transformations with or without external magnetic fields, this track may give very long
relaxation times with refrigeration technology and with the existence of magnetic field or
not (field cold & zero-field cold)[11].

e. The track of magnetic phase diagrams tried to show the magnetic behavior in a
variety of ways, but what was published was not based on the comprehensive treatments
like we are, and the Figure (3) shows one of these treatments, the alloys of (AuFe) [12].

1

(13 0° 107 10t 10t w0t " v
I T T T T T T » 7(S)

Neutron
— Mossbauer
Conventional tr-uSR

= ZF-uSR
ac susceptibility

— Remanence

Fig.(2): windows to see spin glass dynamical of deferent relaxation times (after Uemera,et.al,1985)

Table (1): shows the relaxation times that correspond to different freezing temperatures
by mode of study, which is the discovery of freezing (after Atsuko ito, 2000).

Method Time-scale (sec) Space-scale
Magnetization 107 ~ o0 bulk
Ac-susceptibility 10° ~ 10° bulk
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Méssbauer 10° ~ 10° (°"Fe) Single atom
Neutron scattering 10 ~ 10° >50 A°
u' SR 10 ~ 107 10 — 100 lattice unit
I | | ! 1 |
200 |— ® Massbauer , ]

® Susceptibility
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4.l Magnetic resonance
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Fig.(3):experimental magnetic phase diagram to AuFe alloy according to micro
techniques (after D.Sherrington,2004)

Results and Discussion:

At the outset the experimental results has been monitoring all tracks in the preceding
paragraph to describe an integrated phenomenon, and dealt with according to the program
(Table curve 2D v.5) to obtain appropriate mathematical relationships between temperature
and the concentration of the magnetic impurities, in accordance with the following :

1.The experimental points show that the electrical resistivity and specific heats
(thermal capacities) have a broad maximum extended to long range of temperatures,
showed no appearance of a phase transformation. By comparing that with the results of
magnetic susceptibility y it is found that the alloy in that thermal area subject to curie's law

Cc
X =7 ()

Where ¢ is Curie constant. This confirms that this system in paramagnetic phase
(PM). The two figures (4-5) showed better fit between the temperature of the maximum
resistivity and concentration of the magnetic impurities .Where such Fig. (4) for an ideal
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spin glass and Fig. (5) for a real spin glass [7, 20] and that according to the amount of
magnetic impurity concentration.

Fig(4): Tmax versus C% (0.01-1% Fe in Au)
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Fig(5): Tmax versus C% (1-10% Fe in Au)
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2. At temperatures lower than the previous one the magnetic susceptibility denotes to
sharp cusp maximum in its value, we think it is the beginning of a turning point, a new
phase transition happening at which spin glass occurred. This turning point has named the
spin freezing temperature (T, ). Fig (6) shows the spin freezing temperatures as a function

of the concentration of magnetic impurities in concentration range (0.01 - 1%). Fig (7)
shows the focused area in concentration range (1-10%) as well as the theoretical
relationship event for each. Figure (8) shows clear scattering in the dependence of spin
freezing temperature on the concentration, where we exceed the concentration ratio of the
spin glass system which is called here re-entry (reentrant) in spin glass regime [12]or the
mixed system (micto-magnetic) of spin glass with ferromagnetic (SG+FM) shown in
Figure (12). This is a new trend gateway for a spin glass formation in high temperatures
and therefore to inter to the scope of commercial competition for all electronic devices.
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Fig(6):Freezing temperatures versus concentrations (0.01-1% Fe in Au)
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Fig(7):Freezing temperatures versus concentrations (1-10% Fe in Au)
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Fig(8):Freezing temperatures versus concentrations(10-20%Fe in Au)
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3.In the area of separation between the maximum of resistivity (Tmax) and the spin
freezing temperature (T ¢ ) and in magnetic impurity concentration higher than 1% the
experimental results showed the presence of temperature of Curie or Neel (T;), which is
evidence of the existence of exchange interaction between magnetic impurities and
magnetic susceptibility y subject to the law of Curie - Weiss :

C
T-T ©

c

z:

Where, T, = CA, and A is a temperature independent constant, which inconsistent with
EA and SK theories where the theory supposed the system enter directly from the
paramagnetic (PM) to a glass spin (SG). And here we agree with the theory of Wolfarth
[13] or the so-called theory of clusters (groupings), which has claimed responsibility the
model of Neel [14] for the free clusters (Grapes), but without any interactions between
those clusters (grapes), which will give a status similar to the paramagnetic, but by the
clusters system and not by a singular spin especially in the case of low concentration. This
phenomenon called super paramagnetic (SPM). It is assumed that the interactions among
cluster are direct interactions (d-d). In the iron impurity is ferromagnetic (FM) and in the
manganese impurities is antiferromagnetic (AFM). Increasing impurity level increases the
interactions to start a semi-ferromagnetic phase shows the temperature of Curie or Neel.
This is the reason, as we believe, why experimentally this temperature appears.

4. At temperatures (Tmin) more lower than the spin freezing temperature, Figure (9), a
phase transition occurs through the emergence of spin waves which detected by
experimental studies of resistivity and magnetic specific heat and through theoretically
appropriate fit to the following of resistivity and specific heat
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Ap:pO+AT%

d )
AC =b-2 (ApT
dT( pT)

Where (po) is the residual resistivity, (A, b) are constants related to the concentration.
The theory of RA [16] has supported this attitude and treatment the issue of the spin
fluctuations with long waves which suggests that the system had entered into semi-
ferromagnetic, which emphasizes the appearance of Curie and Neel temperature (T,) at that
range of temperature. From Fig (10) it is noted that these temperatures are positive (Curie
temperature). It is evidence that the system trying to be in the phase of ferromagnetism.

5. A great accuracy (hyperfine) studies [17] show that the spin freezing temperature,
which discovered from the study of magnetic susceptibility, can appear above and below
this temperature approved different relaxation times, which shows that this temperature is
not a temperature of phase transition, but the situation is a sudden turning for the relaxation
times to become very long (the memories) [18].

Fig(9): Tmin vs. C%
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Fig(10):T¢ vs c%(1-25% Fe in Au)
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6. At very low temperature, under half Kelvin, the interactions of hyperfine RKKY
interactions begin, and the nucleus participate in new type of spin glass (nuclear memories)
. Figure (11) shows a total mathematical treatment for each kind of temperatures as a
function of the concentration and give us an overview of what is thermally happening
within the alloy from the highest temperatures to the lowest ones.

Fig(11):All mathematical graphs of temperatures versus concentrations
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Conclusions and Recommendations:

Throughout the above, the studied alloys which show spin glass system must path
through different stages:
1. Paramagnetic phase (PM).
2. Super paramagnetic phase (SPM)).
3. Spin glass Phase (SG) and distinguish two phases: the first, RKKY
interactions between clusters, and the second, RKKY interactions between
Single spins.

4. Semi-ferromagnetic phase (FM), which thermally followed the spin glass
Regime (SG).

5. Mixed phase for concentration over 10% (Mictomagnetic).

6. Ferromagnetic phase for concentration over 20% (FM).

7. Stage of hyperfine indirect interactions which appear at under half Kelvin
(Hyperfine-RKKY -interactions.)

Based on previous studies, all the real experimental points were plotted on the same
figure by using the (statistica 7) program as shown in figure (12) of AuFe) alloy. The
comparison between this figure and Figures (3) and (11) shows how important and
extension of this study to give a new perception of the system needs to further theoretical
study compared with the Figure (1), which supposed that the spin glass phase is being
independent and unstable phase, while referring to the fact that the system is far from
stability through different relaxation times of windows as in Figurers (2 & 3). These
relaxation times correspond with different frozen temperatures, which underline the need
to remove the depth topic contradiction between theory and experiment.

Fig(12)All kinds of temperatres vs. C% nano techniques
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